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A New 
Detergent 
Formulation 


by Gilbert Delcroix 
and Christophe Bureau 


he process of cleaning textiles involves 
not only removing dirt, but also respect- 
ing the fundamental principles of conserva- 
tion and restoration: to retain the original 
structure and integrity of the material; to 
preserve the marks of time without any aes- 
thetic falsification; and to allow and facilitate 
other treatments in the future. 
In order to clean a textile, we need a 
product (a detergent) and an operating pro- 
cedure. For any fabric, we have standards for 
detergents depending on the nature of the 
textile material, its dyeing, age, and degree 
of alteration, and the dirt we have to remove. 
The critical components in successful clean- 
ing are a suitable detergent and conditions 
that promote cleaning for materials with 
varying permeability and thickness of yarn. 
For the purpose of this article, we shall 
assume as an example a textile that can be 
washed in water, and we shall discuss the 
best qualitative components of a detergent 
for cellulose’ and animal fibers. During the 
discussion we shall consider three points: 
¢ What is dirt? 
¢ What are good components of a wa- 
ter-based washing solution? 

¢ How does one choose the appropri- 
ate concentrations of these compo- 
nents? 


Dirt 


Dirt is a conglomerate of liquid and solid 
substances which is bonded to the textile 
fabric. We can classify dirt into two main 
groups: dirt that cannot be removed in water 
and a cleaning solution, and dirt that is re- 
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movable from a textile fabric. 

Unremovable dirt is composed of acidic 
or basic substances. This type of dirt reacts 
with the substrate (textile) by the destruction 
or formation of covalent bonds resulting ina 
thorough modification of the chemical 
structure of the original materials. Urine, for 
example, is an acid when fresh, and becomes 
basic with time. Itcan hydrolyze either vegetal 
or animal fiber. 

Removable dirt is composed of sub- 
stances that have no chemical action on the 
textile because of thermodynamic or kine- 
tic reasons. The three classifications of re- 
movable dirt are based upon the polar or 
non-polar nature of impurities, the way im- 
purities adhere to the fabric, and bonding 
energies. 

Dirt can be polar (molecules with a per- 
manent dipole moment or permanent posi- 
tive or negative charge), such as blood, sili- 
cate, clays, proteins, inorganic oxides, or 
hydroxides; or non-polar, such as grease, oil 
(when fresh), and beeswax. 

The bonds which are responsible for the 
adhesion of dirt to the textile fiber are Van 
der Waals forces,? hydrogen bonds,’ direct 
ionic bonds,‘ indirect ionic bonds,’ capillary 
attraction,’ and mechanical bonds.” 

If the bond energy is stronger than the 
thermic agitation energy,’ the dirt sticks to 
the fiber. At room temperature (25° C.) the 
following thermic agitation energy is needed 
to overcome bond energy: 

° Vander Waalsbond energy: 1-5 Kcal/ 

mole 

¢ Hydrogen bond energy: 20 Kcal/ 

mole 

¢ Tonic bond in water: 10-20 Keal/mole 

¢ Mechanical bond energy: 50-100 

Kcal/mole 

* Covalentbond energy: 100-200 Kcal/ 

mole 


Components of a Detergent 
Washing System 


Figure 1 represents a commercial classifica- 
tion of dirt and figure 2 illustrates typical 
detergent formulations. In the conservation 
field, considerations are different from 
commercial applications because the deter- 
gent must act without any alteration of the 
original material and be easily eliminated by 
rinsing in water. This precludes the use of 


Commercial Classifications of Dirt 


TYPE OF DIRT EXAMPLES 


Fatty dirt oils, make-up products, wax 
Vegetable dyes wine, tea, coffee, fruit stains 
Enzymatic stains milk, egg, blood 


Solid particles earth, chalk, dust 


Typical Detergent Formulations 


EFFECTIVENESS ON 


VEGETABLE ENZYMATIC SOLID 
CONSTITUENTS % BY WEIGHT FATTY DIAT DYES STAINS PARTICLES 


Sodium alkylbenzene sulfonate 3-8 
Oxyalkylated fatty alcohol 

Sodium tripolyphosphate (STPP)! 

Zeolite (aluminosilicate? 

Sodium nitrioltriacetate (NTA)? 

Sodium silicate 

Antideposition agent (CMC) 


Enzymes 


Bleaching agents 
(Sodium perborate) 


Fluorescing agent 
Anti-foaming agent (silicone) 
Perfume 0.2-1.5 


Sodium sulfate 16.9-72.7 


‘formula with phosphate 
?formula without phosphate 
3quantity dependent upon the other components to total 100% 
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some constituents found commonly in com- 
mercial detergent formulations, such as 
bleaches and perfumes. Moreover, mechani- 
cal action must be kept to a minimum when 
cleaning deteriorated fabrics. Figure 3 com- 
pares the commercial and conservation points 
of view. 


Properties of Surfactants in Water 


There are two types of surface active agents 
(surfactants) commonly used in textile con- 
servation: anion active compounds’ and non- 
ionic products.'? Non-ionic surfactants may 
be described by a hydrophilic-lipophilic 
balance (HLB) number" which is always 
provided in the commercial documentation 
and is an indicator of the potential usefulness 
of the agent.’ 

In water, the lipophilic tails of the sur- 
factants have a tendency to repulse water 
molecules, so the surface contact between 
them must be the minimum possible. When 
the surfactant concentration has increased to 
a certain level, the structure of the solution 
changes from a sparse distribution of single 
molecules in water to a clump of molecules 
called micelles. The concentration at which 
this phenomena appears is the “critical mi- 
celle concentration” (CMC). In the micelles, 
the lipophilic ends are bunched in the center 
(away from the water) and the hydrophilic 
ends form the outer spherical surface in the 
water. 

The number of molecules in a micelle at 
room temperature is 40-499 for a non-ionic 
surfactant and 20-300 for an anionic one. The 
CMC depends primarily on the size of the 
non-polar tail and to a limited extent on the 
nature of the polar head (and for the ionized 
head group, of the associated counter-ion). 
It is very easy to measure CMC through 
conductivity. 

Micelles are highly soluble in water de- 
pending on temperature. For anionic sur- 
factants, solubility increases with tempera- 
ture and varies not only with the size of the 
non-polar part but also with its structure and 
the type of counter ion. Non-ionic surfac- 
tants have a negative coefficient of solubility 
with rising temperature. Thatis to say, if they 
are used at a temperature above that for 
which they were formulated, they will come 
out of solution. 

The authors feel that the pH of a wash- 
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ing solution should be either slightly acidic 
(pH 6-7 for animal fiber) or slightly basic (pH 
7-8 for cellulosic fiber). This range of pH is 
compatible with non-ionic surfactants and 
many anionic surfactants. However, some 
anionics, such as akylsulphate, hydrolyze 
with extreme ease at any pH less than 7. Each 
surfactant is manufactured to clean at a 
particular pH, and for good results the user 
should work in that range. 

To be effective, surfactants must act as 
detergents. Detergency means cleansing — 
the removal of any undesirable substance 
from the rest of the fabric. Detergent poweris 
a combination of wetting power, emulsifying 
power, solubilization power, dispersion 
power, and anti-deposition power. 

Wetting power is the ability to reduce 
interfacial tension between the washing liq- 
uid and the fabric. Emulsifying power is the 
ability to make an emulsion with grease or 
oil (liquid in lipid). In addition to being a 
good wetting agent, the surfactant must have 
the capacity to reduce interfacial tension 
between oil and the washing liquid. The 
consequence is that the droplet of oil rolls up 
into spheres and is stripped out of the fabric. 

Solubilization power is the ability of a 
micelle to give an apparent solubility to 
dust particles which are insoluble in water. 
These particles are thus easily eliminated 
with the micelles during rinsing. This phe- 
nomenon occurs at the CMC and increases 
with the concentration of surfactants and the 
dimensions of the micelle. Non-ionic sur- 
factants are better solubilizers than anionic 
ones and their “solubilization power” is in- 
versely proportional to the number of 
polyether groups. 

Dispersion poweris the ability to extract 
solid dirt by the formation of a dispersion 
(solid in liquid). For non-polar dirt particles, 
the surfactant molecules enclose and main- 
tain these particles within the washing me- 
dium. For microscopic particles of clay, silica, 
and carbon, the explanation is more com- 
plicated. The potential energy of a solid dirt 
particle interacting with the fiber surface is 
dependent upon the distance between them. 
The situation is more stable if the potential 
energy is low. There are three zones of stabil- 
ity in water. The first one is located close to 
the surface. Particles are held with very short 
range forces (dispersion, polarization). The 
second zone lies within a distance that is two 


Components of a Washing Solution: 
A Comparison of Commercial vs. Conservation Points of View 


CONSERVATION AUTHORS’ 
LITERATURE OPINION 


COMMERCIAL 
CONSTITUENTS VIEWPOINT 


Bleaching agents yes 
Perfume yes 
Fluorescing agent yes 
Anti-foaming agent yes 
Enzymes yes 
Surfactant yes 
Builders yes 
Anti-deposition agent yes 
Electrolyte yes 


‘preference for non-ionic 
2a mixture 


sodium citrate is sometimes employed 


Fig. 3. 


or three times the distance of the first layer, 
and it is due mainly to the presence of ionic 
bridges (long range coulomb forces). The 
third zone, present only in the case of water 
soluble compounds, is due to the solvation 
effect in the bulk of the solution. 

To generalize, we can assume that the 
total energy profile (plot of V vs. D— potential 
energy vs. distance) is merely the algebraic 
sum of all previous three contributions. 

Let us now return to the case of clay, 
carbon, and silica microscopic particles. Ba- 
sically, these particles are negatively charged. 
Insertion of mono and divalent cations (K*, 
Ca**, Fe**) insure the electronic neutrality of 
the total lattice; the presence of these cations 
is mainly responsible for their attachment to 
natural fibers which bear a global negative 
charge on their surface. The strength of this 
link depends on how strongly the cations are 
attached to the fiber and the impurities to the 
cations. In the latter case, strong coulomb 
ionic forces are involved because negative 
charges on the particles are net charges, 
whatever the kind of fabric considered. In 
the former case, however, cations are linked 
more strongly to cellulose than to animal 
fibers. On the whole, microscopic impuri- 
ties are more strongly linked to cellulose 


no no 

no no 

no no 

no no 

no no 
yes! yes? 
sometimes sometimes 
sometimes sometimes 


sometimes? no? 


‘not needed if surfactants are well chosen 
or if a sodium builder is used 


than to animal fibers. 

When a detergent solution is used to 
strip out microscopic particles it can elimi- 
nate the greasy materials that surround them. 
In most cases, the stability of the dispersion 
is sufficient to eliminate the particles from 
animal fibers but not from cellulose fibers. In 
the latter case, the effect is to have 
unremovable dirt distributed as individual 
particles over the entire surface of the fabric, 
which then appears to be dirtier than before 
cleaning. This effect is strongly inhibited by 
using a sequestrant and minute traces of 
carboxymethyl cellulose, a powerful 
antideposition agent. 

Antideposition power is the ability to 
prevent soil from redepositing on the surface 
of the fabric. An anionic surfactant acts by an 
electrostatic repulsion and a non-ionic sur- 
factant by steric repulsion. 

Insummary, each type of surfactant has 
its own area of usefulness (fig. 4) and it is 
often more efficient to use a mixture of an- 
ionicand non-ionicsurfactants. For non-ionic 
surfactants, it is better to use a mixture of 
different HLB values giving the desired 
number by proportional parts, than to use 
a single one which has just the required 
HLB value. 
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Role of Builders (Sequestrants) 


Tap water contains polyvalent cations (Ca’*, 
Mg”*) which are responsible for its hardness. 
In addition to their role in the attachment of 
certain impurities to the fibers, they can form 
insoluble salts which are difficult to eliminate 
by rinsing.'' Sequestrants prevent these cat- 
ions from interfering by trapping them. 

Sequestrants commonly used in con- 
servation include sodium tripolyphosphate, 
sodium salts of ethylenediaminetetra acetic 
acid (EDTA), and sodium nitrile triacetate 
(NTA). In addition to these compounds, there 
are other organic molecules whose structures 
are, insome way, similar to that of EDTA and 
thatare remarkably efficient for our purposes. 
These include diamino 1,2 cyclohexane tetra 
aceticacid (DCTA), diethylene triamine penta 
acetic acid (DTPA), and ethylene glycol bis 
(diamino) ethy] ether tetra aceticacid (EGTA). 

The role of the sequestrant is to form 
stable complexes with calcium ions and to 
prevent them from precipitating. Because 
the pH of washing solutions generally ranges 
from pH 6-8, more stable complexes can be 
formed with DCTA, EGTA, DTPA,and EDTA 
than with tripolyphosphate and NTA.'® 

Itis important also to determine whether 
these complexes are stable enough to prevent 
the precipitation of CaC0,, CaSO,, and 
Ca(OH),. Their solubility can be evaluated 
by a conditional solubility constant K,” 
largely dependent upon the pH and the na- 
ture and concentration of a builder. Compu- 
tations were made to show a plot of log K, 
against pH for a given builder at a given 
concentration." At the concentration chosen, 
neither sodium triphosphate nor NTA show 
noticeable efficiency. DCTA, EGTA, DTPA, 
and EDTA have a stronger effect, all the 
more significant as one follows the sequence: 
DTPA < EGTA < EDTA = DCTA. 

Sodium citrate has no effect compared 
to these compounds when used at the same 
small concentration. It becomes competitive 
ataconcentration of 1 mole per liter (60 kg for 
a 250 liter tank). 

Among the builders studied, EDTA 
seems most satisfactory at a pH of around 7. 
However, it should be noted that EDTA also 
forms very stable complexes with the cations 
of aluminum (AB), iron (Fe*), and chro- 
mium (Cr**) which have been used as metal- 
lic mordants. EGTA, somewhat less effective 
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than EDTA, does not have this disadvan- 
tage.’ 

Electrolytes are sodium salts which 
disassociate in aqueous solutions and give 
Na*. With anionic surfactants Na* over- 
powers the effect of ionization so the CMC 
decreases and the micelle increases in size 
and has a better solubilization power. With 
non-ionic surfactants, there is a decrease in 
the CMC value. It should be noted that to 
observe these characteristics, a certain 
quantity of electrolytes is needed. This may 
not be acceptable for conservation purposes 
where efficiency is not necessarily the most 
important characteristic of a detergent for- 
mulation. 

As stated above in the discussion of 
dispersion, carboxymethyl cellulose can 
prevent solid particles from being deposited, 
especially in the case of cellulose fibers. 
Moreover, it has a special effect on removing 
carboxylic dirt. 

The elimination of the components of 
the detergent formulation by rinsing also 
must be considered. For the builder, the 
elimination must be done by a thorough 
rinsing in deionized water. For 
carboxymethyl cellulose, one must use a 
product which has a 2,5-3 substitution so 
that it has little attraction for the fibers. Non- 
ionic surfactants can be rinsed from both 
cellulose and protein fibers. Anionic surfac- 
tants can be rinsed from cellulose fibers but 
are difficult to rinse from protein fibers. On 
protein fibers, a mixture of non-ionic and 
anionic tensides can be removed easily.” 
However, one needs to choose the best com- 
promise between the lowest concentration of 
washing solution components and the 
greatest efficiency. 


Choosing Concentrations 


For builders, we have seen that the necessary 
concentration depends upon the quantity of 
Ca** in the water used for cleaning. For tap 
water, a 10.3 - 10.4 mole/liter concentration 
is a good choice.” A concentration of 0.1 g/ 
liter of carboxymethyl cellulose is suggested 
when it is necessary to use it. For surfactants, 
the concentration must beat minimum equal 
to the CMC. However, because surfactants 
are absorbed during the wetting of the textile 
fabric, the quantity of micelles decreases and 
therefore the detergent power decreases 


Types of Surfactants and their Area of Usefulness 


WETTING 
TYPE OF SURFACTANT POWER 
Anionic surfactants 
Alkylsulfate 
Secondary alkylsulfate 
Alkylsulfonate 


Good 
Very good 
Good 
Nonionic surfactants Very good 
7<HLB<9 


Mixture of nonionic/ 


ionic surfactants Very good 


considerably. To keep enough micelles, it is 
necessary to have a surfactant concentration 
equal to at least 1.5 times the CMC. 

In conclusion, the following basic for- 
mulations are suggested for cellulosic fibers: 

Non-ionic surfactant: HLB + 9-10 (con- 
centration = 75% CMC) 

Non-ionic surfactant: HLB + 15 (con- 
centration = 45% CMC) 

Anionic surfactant: Concentration 30% 
CMC 

EGTA or EDTA: 0.04 g/I - 0.4 g/I (the 
necessity of using a builder depends on 
whether or not tap water is used, and whether 
or not the water is at room temperature). 

Carboxymethy] cellulose: 0.1 g/1-0.2¢/ 
1 (depends on the presence or absence of 
silica, clay, and/or carbon dirt solid par- 
ticles). 

The following basic formulations are 


Notes 
1. Jute is not included. 


2. Van der Waals forces of attraction are sepa- 
rated into: (1) the London or “dispersion” force, 
which exists between non-polar molecules as well 
as between polar molecules; (2) the Keesom or 
“orientation” force which exists between any pair 
of permanent dipole molecules; and (3) the Debye 
or “induction” force which exists between a mol- 


SOLUBILZATION POWER 
NON-POLAR DIRT POLAR DIRT 


EMULSIFYING 
__ POWER _ 


Good 
Good 
Good 


Good 
Good 
Good 


Good 
Good 
Good 


Good 
8<HLB<18 


Very Good Very Good 


15<HLB<18 


Very good Very Good Very Good 


suggested for protein fibers: 

Non-ionic surfactant: HLB + 9-10 (con- 
centration = 75% CMC) 

Non-ionic surfactant: HLB + 13 (con- 
centration = 45% CMC) 

Non-ionic surfactant: 15 < HLB < 18 
(concentration = 30% CMC) 

EGTA or EDTA: 0.04 g/1- 0.9 g/1 
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Christophe Bureau is an organic chemist 
working with Gilbert Delcroix in the field of 
scientific conservation. 


ecule with a permanent dipole and any other 
molecule by inducing a dipole in the second mol- 
ecule. Van der Waals forces are the main adhesion 
forces for non-polar dirt. 


3. When hydrogen is bonded to a very electro- 
negative atom, it is capable of forming another 
weak bond with another electronegative atom 
which has a pair of non-bonded electrons. This 
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interaction, called the hydrogen bond, is weaker 
than most chemical bonds but stronger than Van 
der Waals bonds. Vegetable and animal fibers 
have a great facility to develop hydrogen bonds 
— by the OH groups of cellulose or the NH group 
of proteins — with proteins, saccharides, fatty 
acids, silicates, and dirt. It should be noted that 
these bonds are those present for direct dyes also. 


4. Direct ionicbonds are the coulombic energy of 
attraction (or repulsion) between ions of like or 
unlike sign. Ions can also give birth to ion-dipole 
and ion-induced dipole energies of attraction. 
The surface of textile fibers become charged when 
immersed in water. Cellulose fibers become nega- 
tively charged when their pH in the aqueous 
phase is below the isoelectric point. Wool or silk 
fibers are positively charged when their pH in the 
aqueous phase is below the isoelectric point, and 
negatively charged when the pH is higher. 


5. This adhesion is due to positively charged 
polyvalent metal ions like Ca** and Fe**, which 
bind to negatively charged dirt and textiles. 


6. This is a microscopic effect of Van der Waals, 
hydrogen, and ionic forces. The types of forces 
that can be developed at different interfaces de- 
pend upon the polarity of the repellent layer and 
dirt. 


7. These bonds are from the inclusion of dirt 
either in the structure of the weave, or in the scaly 
structure of a wool fiber. Strong mechanical ac- 
tion is necessary to remove such dirt. These bonds 
also are those associated with direct dyes or with 
metallic mordants. 


8. Thermic agitation energy is: E=3/2 k T where 
k is the Boltzmann’s constant (=1.38 x 10 “ J/K) 
and T is the temperature in degrees kelvin [K]) 


9. Important anion active compounds include: 
alkylsulphate, secondary alkylsulphate, alkyl- 
suphonate, and alky] larylsulphonate. 


10. Important non-ionic compounds include: eth- 
ylene oxide condensation types (or propylene 
oxide), alkylalcohol, fatty alcohol, alkylamide, 
fatty acidamide, alkylthiol, and amine conden- 
sates. 


11. HLB describes a common tendency only and 
is subject to a number of exceptions; low values of 
HLB are assigned to water in oil emulsifiers and 
materials readily soluble in water. HLB is an 
empirical scale. 


12. See McCutcheon’s Emulsifiers and Detergents, 
North American ed. (Glen Rock, N.J.: The Manu- 
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facturing Confectioner Publishing Company, 
1989), 


13. In both types of fibers, negative sites are made 
up of non-bonding orbitals that exist mainly on 
oxygen and nitrogen atoms. These negative sur- 
face charges are thus diffuse charges, and not 
“net” charges. Besides London forces, the interac- 
tion between the cations and the fiber is basically 
of the inductive type. In this scheme, cellulose 
fibers have a great advantage over animal fibers, 
since their peculiar geometry permits the occur- 
rence of complex type bonding. 


14. This happens particularly in the presence of 
some anionic surfactants [ (R-SO,), Ca...]Jand with 
anions naturally present in tap water: carbonates 
(HCO, which leads to CaCO3; sulphates [SO - 
leading to CaSO,; OH leading to Ca(OH),], etc. 


15. Magnesium ions are usually less likely to react 
and become insoluble. 


16. The stability of various complexes can be 
evaluated by a constant, K,,,, called the constant 
of stability for the given complex. The complex is 
more stable when K,,,, is large. This constant is 
largely dependent upon other species present in 
the solution, in particular, upon the pH of the 
solution. We thus made a computation of all 
values of K,,, (in fact log K,,,,) for different 
builders, ata pH ranging from 0-14. Ourattention 
will focus, however, on the 6 to 8 range, which is 
the pH of washing solutions. 

Calculations were made from an actual com- 
position (the one used in Stamford laboratories, at 
Chevalier, Inc.), using the method of complexation 
coefficients. Necessary equilibrium constants were 
taken from A. Ringbom, Complexation in Analyti- 
cal Chemistry (New York: John Wiley and Sons, 
1963); and G. Charlot, Chimie Analytique Quanti- 
tative (Paris: Masson, 1989). 


17. The meaning of K, is as follows: when log K, < 
-7, the given salt is almost entirely insoluble; 
when log K, > -2, it is almost completely solubi- 
lized. 


18. Calculation of values from Ringbom, Compl- 
exation in Analytical Chemistry,and Charlot, Chimie 
Analytique Quantitative. 


19. See values from Ringbom, Complexation in 
Analytical Chemistry. 


20. H. E. Garrett, Surface Active Chemicals (New 
York: Pergamon Press, 1972), 25. 


21. This is approximately between 0.04 g/liter 
and 0.4 g/liter. 
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